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Preface

This document is afinal contract deliverable in accordance with the follow-up letter to 995-TR
951-057, dated July 19, 1995 (Re: CDRL Items DID 319/DV1, DID 402/VE1, DID 322/DV 3,
and DID 414/VEL). It requires Government review and approval prior to acceptance and use.
Changes to this document also require Government approval prior to acceptance and use. Changes
to this document shall be made by document change notice (DCN) or by complete revision. Once
approved, this document shall be under ECS Project Configuration Control.

Any questions should be addressed to:

Data Management Office

The ECS Project Office

Hughes Information Technology Corporation
1616 McCormick Drive

Upper Marlboro, Maryland 20774-5372
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Abstract

This document specifies the TRMM Infrastructure Interim Release 1 (Irl) Test Plan and
Procedures for the ECS Project. It includes descriptions of: the ECS test methodology,
Build/Thread functional decomposition, detailed test cases, detailed test procedures, requirements
traceability matrices between Level 3 Requirements-by-Release and Level 4 requirements to test
cases, and descriptions of resources and test tools needed for these tests.

Keywords:. integration, test, I&T, build, thread, interim, release, one, (Ir1), CSMS, SDPS, ECS,
traceability, Level-4, Requirements-by-Release, (RBR), case(s), procedure(s), requirements, tools
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1. Introduction

1.1 Identification

This document is submitted as required by the Contract Data Requirements List (CDRL) item 054,
DID 322/414 whose requirements are specified as a required deliverable under the Earth
Observing System (EOS) Data and Information System (EOSDIS) Core System (ECS), Contract
(NAS5-60000). This document is a final contract deliverable in accordance with the follow-up
letter to 995-TR-951-057, dated July 19, 1995 (Re: CDRL Items DID 319/DV1, DID 402/VE1,
DID 322/DV3, and DID 414/VE1).

1.2 Scope

This document defines the plan and procedures for integration, test, and verification of the TRMM
Infrastructure Release, referred to as Irl, for ECS. There is a separate document detailing the test
activities for each proceeding release. The Irl Integration and Test Plan and Procedures applies to
segment and system level verification activities. This document provides procedures to verify that
the ECS complies with the Irl Level 3 Requirements-by-Release (RBRs) and Level 4 Functional
Requirements. The roles and activities of the Irl Integration and Test Organization are described
and high level schedules for performing these activities are addressed.

This document reflects the Technical Baseline submitted via contract correspondence no.
ECS 194-00343.

1.3 Purpose

This Irl Integration and Test Plan and Procedures document describes the test, review, and
analysis effort to be conducted by the Irl I&T organization. This document presents the overall
processes and activities associated with verifying the release segment and system integration and
test phases. The test plan provides an outline of the activities to be performed for Irl I&T, while
the test procedures provide more detailed instructions for verification of the Irl release.

1.4 Status and Schedule

This document is a final contract deliverable in accordance with the follow-up letter to 995-TR-
951-057, dated July 19, 1995 (Re: CDRL Items DID 319/DV1, DID 402/VEL, DID 322/DV3,
and DID 414/VE1).

This submittal of DID 322/414 meets the milestone specified in the CDRL of NASA Contract
NAS5-60000.
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1.5 Organization

This document, which is based on Ir1 requirements, is organized into the following sections:

Section 1-

Section 2-

Section 3-

Section 4-

Section 5-

Appendix A-

Appendix B-

Appendix C-

Appendix D-
Appendix E-
Appendix F

Abbreviations
and Acronyms

Introduction, contains the identification, scope, purpose and objectives,
status and schedule, and document organization.

Related Documents, provides a bibliography of parent, applicable and
reference documents for the Irl Integration and Test
Document.

Irl Integration and Test Overview, describes the process used
to integrate and test the TRMM Infrastructure release.

Irl Test Case Descriptions, describes the specific segment and system level
thread and build tests, which will be used to verify the functionality of the
release.

Irl Test Procedures, details the steps required for executing the various
thread and build tests.

Contains a list and brief description of the test tools needed for Irl
Integration and Test.

Contains a list and brief description of the test data needed for Irl
Integration and Test.

Contains the requirements traceability matrices, mapping test cases to Irl
Level 3 RBRs and Level 4 requirements and the verification method for
each requirement.

Contains traceability matrix, mapping PDR test cases that are no longer
used to the new set of consolidated Irl tests.

Contains test case format descriptions, notations and naming conventions as
used in the submission of this document.

Contains templates for the test logs and procedures.

Contains a listing of abbreviations and acronyms used in this Document.
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2. Related Documentation

2.1 Parent Documents

The parent documents are the documents from which this Irl Integration and Test Plan scope and

content are derived.

101-CD-001-004-

194-107-MG1-XXX
194-201-SE1-001
301-CD-002-003
304-CD-002-002-

304-CD-003-002-

319-CD-002-002-

319-CD-003-003-

402-CD-001-002-

194-501-PA1-001
222-WP-001-002
423-41-01-

423-41-02-

423-41-03-

Project Management Plan for the EOSDIS Core System, Revision 1,
DCN No. 01

Level 1 Master Schedule for the ECS Project
Systems Engineering Plan for the ECS Project
System Implementation Plan for the ECS Project

Science and Data Processing Segment (SDPS) Requirements
Specification for the ECS Project, Final

Communications and System Management Segment (CSMS)
Requirements Specification for the ECS Project, Final

SDPS Integration and Test Plan for the ECS Project, Volume 1:
Interim Release 1 (Ir-1), Final

CSMS Integration and Test Plan for the ECS Project, Volume 1:
Interim Release 1 (Ir-1), Final

System Integration and Test Plan for the ECS Project, Volume 1:
Interim Release 1 (Ir-1), Final

Performance Assurance Implementation Plan for the ECS Project
Mission Statement for Interim Release One for the ECS Project

Goddard Space Flight Center, EOSDIS Core System (ECS) Statement
of Work

Goddard Space Flight Center, Functional and Performance
Requirements Specification (F&PRS) for the Earth Observing System
Data and Information System (EOSDIS) Core System (ECS)

Goddard Space Flight Center, EOSDIS Core System (ECS) Contract
Data Requirements Document
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2.2 Applicable Documents

The following documents are referenced within this Irl Integration and Test Plan, or are directly
applicable, or contain policies or other directive matters that are binding upon the content of this
volume.

194-207-SE1-001 System Design Specification for the ECS Project
194-401-VE1-002 Verification Plan for the ECS Project, Final

2.3 Information Documents

2.3.1 Information Documents Referenced

The following documents are referenced herein and amplify or clarify the information presented in
this document. These documents are not binding on the content of the ECS Irl Integration and
Test Plan.

102-CD-001-004 Development Configuration Management Plan for the ECS Project

193-103-MG3-001 Configuration Management Procedures for the ECS Project

108-CD-000-015 Intermediate Logic Network (ILN) Diagram for the ECS Project

305-CD-002-002- Science Data Processing Segment (SDPS) Design Specification for the
ECS Project

305-CD-003-002- Communications and System Management (CSMS) Design
Specification for the ECS Project

308-CD-001-005 Software Development Plan for the ECS project

2.3.2 Information Documents Not Referenced

The following documents, although not referenced herein and/or not directly applicable, do amplify
or clarify the information presented in this document. These documents are not binding on the
content of the ECS Irl Integration and Test Plan.

104-CD-001-004 Data Management Plan for the ECS Project

193-105-MG3-001 Data Management Procedures for the ECS Project

209-CD-007-003- Interface Control Document Between EOSDIS Core System (ECS)
and TRMM Science Data and Information System (TSDIS)

209-CD-008-002- Interface Control Document Between EOSDIS Core System (ECS)

and the Goddard Space Flight Center (GSFC) Distributed Active
Archive Center (DAAC) for the ECS Project
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209-CD-009-002 Interface Control Document Between EOSDIS Core System (ECS)
and the Marshall Space Flight Center (MSFC) Distributed Active
Archive Center (DAAC) for the ECS Project

404-CD-001-001 Procedure for Control of Unscheduled Activities During Verification
for the ECS Project
505-41-14 - Goddard Space Flight Center, (TRMM-490-152) Interface

Requirements Document Between EOSDIS Core System (ECS) and
Tropical Rainfall Measuring Mission (TRMM) Ground System

560-203.103- Interface Control Document Between the Sensor Data Processing
Facility (SDPF) and the Tropical Rainfall Measuring Mission (TRMM)
Consumers
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3. Irl Integration and Test Organization Overview

This section contains an overview of the approach taken by the Irl Integration and Test
organization to ensure complete and thorough testing at the segment and system levels. Included is
information concerning the Irl I&T environment, schedules and verification activities and
responsibilities.

3.1 IrlI&T Organization and the ECS Environment

3.1.1 Irl Functional Overview

The Irl system has four primary functional areas. Further detail can be found in the Mission
Statement for Interim Release One for the ECS Project (Document 222-WP-001-002). Appendix
B herein includes the Irl ECS DCE Cell Topology diagram and the Irl External Interface
Diagram (both obtained from Document 222-WP-001-002).

Science Software Integration and Test (SSI&T). Irl provides an environment for the early
integration and testing of science software from the EOS AM-1 instrument teams and TRMM's
CERES and LIS instrument teams. Early SSI&T gives the instrument teams, DAAC personnel
and the ECS development team the ability to test the portability of the science software using test
data provided by the instrument teams. The following tools are provided to support the SSI&T
capabilities:

a. SCF and DAAC versions of SDP Toolkit

b. Compilers: C, C++, FORTRAN 77 and 90, ADA (LaRC only)
c. File comparison utility

d. Static and dynamic code checkers for standards compliance

e. Profiling Tools for resource monitoring

f. Product visualization/graphics Tool

g. Document viewing tools

h. Math, graphics, and statistics libraries

I. Software configuration management tool

Early TRMM Interface Testing. Irl provides capabilities for early functional testing of
TRMM-ECS interfaces among several facilities including the Sensor Data Processing Facility
(SDPF), the TRMM Science Data and Information System (TSDIS), NOAA/NESDIS, the
Data Assimilation Office (DAO), and three DAACs - LaRC, GSFC and MSFC. The
following Irl interfaces will be delivered:
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a. TRMM Data Ingest Interface

Irl provides capabilities for supporting TRMM ingest interface testing. The system supports
the testing of the automated network ingest interface with SPDF and TSDIS. This testing
includes the exchange of security authentication messages, the verification of message
protocols, and the verification of the ingest file transfer capability. Irl also supports the testing
of the polling ancillary data ingest interface with NESDIS and DAO.

b. TRMM Data Retrieval Interface

Irl provides the capability to support the testing of the Data Server interface with TSDIS. This
testing includes the exchange of security authentication messages, the verification of message
protocols, and the verification of the capability to transfer files from the Data Server subsystem
to TSDIS.

c. External Interface Gateway

The Ingest and Data Server interfaces are designed to communicate with external clients using
communication services provided by the OSF Distributed Computing Environment (DCE).
TRMM and SDPF use protocols based on UNIX sockets, not DCE. Irl provides a
communications gateway which allows these external clients to interface with Irl using UNIX
socket calls.

Planning and Processing. Irl provides basic capabilities for managing science data
processing tasks. It supports manual capabilities for generating processing plans and for
process initiation and control. It supports process execution profiling and diagnostic reports on
Sun and SGI processors (note: the Sun is a 32-bit processor, while the SGI can operate in
either a 32-bit or 64-bit mode). Irl also provides a prototype scheduling capability that is
based on a COTS scheduler. The scheduler will enable the execution of multiple PGEs in
sequence, using pre-staged test data.

ECS Infrastructure. Irl provides an early implementation of communication and system
management services and verifies the communications and management infrastructure. The
infrastructure consists of the following:

a. Basic naming and directory, time, thread and security services (DCE-based)

b. File transfer capability, email, bulletin board, event logger, virtual terminal (telnet and
X)

c. EDF-based framework for system management and DAAC performance monitoring

d.- Site-based COTS, SNMP agents for hosts, and network components as provided by
Version 0

e.- Authentication (DCE account management), authorization (host-level account
management), router-based security (address table management) as provided by
Version 0 networks

f. Site-based office automation tools

3-2 322-CD-001-002/
414-CD-001-002



g.- Configuration management tools for science software (at the DAACs) and
development software at the EDF

3.1.2 Irl I&T Organization and Relationship to other Test Groups

The Irl I&T organization is responsible for integration and test at the segment and system levels
for the Irl Release. This includes: acceptance of software components upon completion of unit
level testing, integration of these components into segment subsystems, complete and thorough
testing of the integrated system, and recording and reporting of any problems encountered during
testing. The integrated release is tested against Level 3 Requirements-by-Release (RBRs) and Level
4 requirements as baselined in the Irl CCB. The Irl I&T organization is responsible for verifying
functional components, subsystem interfaces, and external interfaces to support the delivery of the
Irl release.

The Irl I&T organization interacts with and supports other ECS and independent test
organizations. This includes the Quality Office, SMO (both ECS and ESDIS), and EOSDIS
Independent Verification and Validation (IV&V) Contractor. The V&V contractor monitors ECS
verification activities, and conducts independent tests to verify compliance with the Level 3
requirements documented in the Functional and Performance Requirements Specification
(Goddard document number 423-41-02). Figure 3.1-1 illustrates the interactions between the Irl
I&T team and other organizations.

)

ESDIS

Figure 3.1-1. Ir1 I&T Interactions
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The Quality Office assists in identifying training needs of test personnel and schedules formal
training. The Quality Office conducts requirements traceability audits during the Implementation
and Integration and Test phases as each test case is completed and evaluated. They are responsible
for monitoring the hardware inspection and unit-level verification procedures and verify release test
plans for completeness. They also validate release integration and tests and test results. The Quality
Office participates in release test implementation, reviews, and analysis. They are also responsible
for monitoring the life cycle of the nonconformance reports and participating in the final decision
on product acceptability.

Upon completion of Irl testing, a Consent to Ship Review (CSR) will be held. Since Irl is
developed on the incremental path, Independent Acceptance Test activities (through the IATO) will
not occur. Instead, the Irl 1&T team will conduct the release deployment, installation, and on-site
testing. Further information on these activities is described in Section 3.6 (Irl I&T Schedule).
Once on-site tests are completed, the Independent Verification and Validation (IV&V) contractor
will provide independent assessments of the functionality and performance of the ECS Ir1 release.
The IV&V contractor is responsible for the validation of the ECS Level 3 requirements. They are
also responsible for the reporting and tracking of nonconformances identified during this phase of
testing.

Figure 3.1-2 summarizes the overall test activities for Irl under the new ECS release
organizational structure. The EDF at Landover will be the central location for all Irl integration
and test activities (both segment and system). Certain external interfaces will be simulated using
SDPF provided tools modified for ECS use. Developers and testers will utilize the EDF DAAC
to port, integrate and test components and subsystems. As mentioned earlier, the Irl I&T team
will also be responsible for system deployment and on-site testing in lieu of formal IATO
activities. Interface testing at these sites will primarily rely on the simulators used at the EDF in
conjunction with available resources from TSDIS and SDPF that can be scheduled during the
short period of ECS Ir1 site testing.

Integration Tests (use of

Simulators)

Unit Level Tests

Figure 3.1-2. Overall Ir1 and ECS Test Activities
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Additional ECS test methodologies and organizational aspects reflecting the new ECS release
organization will be documented in the updated Verification Plan for the ECS Project (194-401-
VE1-002).

3.2 IrlI&T Test Approach

The Irl I&T organization will integrate and verify release functionality on an incremental basis.
As incremental integration and testing proceeds, larger portions of the system are assembled thus
being available for final testing. As unit level testing on components is completed by the Irl
developers, the Irl 1&T organization will incrementally assemble lower-level functionality into
progressively higher levels until ultimately subsystems are completely integrated into the
release/system. Functional components that are integrated are threads, and the result of combining
threads (and/or builds) is a build. The Irl functional tests are requirement driven, thus verifying the
Level 3 RBRs and Level 4 requirements allocated to Irl.

A number of project instructions (PIs) facilitate the ongoing integration and test efforts for Irl.
These Pls are listed below:

CM-1-025 ECS Project Instruction: Software Development Handbook
CM-1-023 ECS Project Instruction: Software Build Process
SD-1-013 ECS Project Instruction: COTS Process Model

SD-1-014 ECS Project Instruction: Nonconformance Reporting
SE-1-002- ECS Project Instruction: ECS Development Facility (EDF)

Configuration Control

3.2.1 Irl Build/Thread Methodology

The build/thread concept, which is based on the incremental aggregation of functions, is used to
plan Irl I&T activities. An Irl thread is the set of components (software Cls, hardware and data)
and operational procedures that implement a function or set of related functions at that level.
Threads are tested individually to facilitate the verification of requirements allocated to them and to
isolate software problems. A build is an assemblage of threads (and/or builds) that produces a
gradual buildup of system capabilities. This orderly progression of combining lower level software
and/or hardware items to form higher level items with broader capability is the basis for the Irl
integration activities. Tests at the build level combine regression testing of capabilities that made
up the build, along with additional system flavor tests that address the broader span of capabilities
as they are integrated at the build level.

The Build/Thread diagram for Irl is presented in Figure 3.2-1. Threads and builds are defined by
examining the Irl capabilities and requirements. In addition, schedule dependencies relating to
code hand-offs from the developers to the Irl I&T team, impact the chronological order in which
the integration process will proceed. The build/thread diagram for Irl acts as a framework for
development of test cases. These test cases provide the basis for development of step-by-step test
procedures, as described herein.
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Figure 3.2-1. Interim Release One Build/Thread Diagram

3.3 Irl I&T Verification Process

The following sections define responsibilities and activities of the Irl I&T organization. The
following topics are addressed: definition of verification methods, post test analysis, regression
testing, and verification resources.

3.3.1 Verification Methods

The four verification methods used for Irl I&T activities include: inspection, analysis,
demonstration, and test.

Definitions for these methods, as defined in the ECS Verification Plan (Contract # 194-401-VE1
002) are as follows:
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a.- Inspection - The visual, manual examination of the verification item and comparison to the
applicable requirement or other compliance documentation, such as engineering drawings.

b.- Analysis - Technical or mathematical evaluation based on calculation, interpolation, or
other analytical methods. Analysis involves the processing of accumulated data obtained
from other verification methods.

c.- Demonstration - Observation of the functional operation of the verification item in a
controlled environment to yield qualitative results without the use of elaborate
instrumentation, procedure, or special test equipment.

d.- Test - A procedure or action taken to determine under real or simulated conditions the
capabilities, limitations, characteristics, effectiveness, reliability, or suitability of a material,
device, system, or method.

Each Irl allocated requirement will be tested and verified by one or more of the above methods. A
requirements traceability matrix, mapping test cases to requirements, will include the method(s) of
verification. These matrices are provided in Appendix C of this document.

3.3.2 Post Test Analysis

Post-test analysis includes data reduction and comparison of actual results against expected results.
Any post test analysis required for Irl I&T activities will be performed by the Irl I&T
organization with support from the user and development communities when appropriate.
Methods for performing post-test analysis will be documented in the Irl Integration and Test
Procedures on a test by test basis. Post-test analysis results will be documented in Irl 1&T Report
(CDRL 324/405). Data, data logs, event logs and any other test output required for post test
analysis will be captured and stored under CM control.

3.3.3 Regression Testing

Regression testing is supplemental testing performed at any time upon any build or thread during
Irl I&T testing to ensure that existing software is not adversely affected by modified or new
software. The Irl I&T organization is responsible for planning, documenting, executing and
reporting all regression testing. Automated test tools are used, when practical, for regression
testing by the Irl I&T organization. This ensures that regression tests duplicate initial test
procedures.

Irl Regression Testing will occur as a result of:
» software changes
* hardware changes
e operational enhancements
* integration of two or more builds
* new versions delivered after unit level testing

The Irl I&T organization is responsible for reporting any discrepancies encountered during
regression testing. Discrepancies resulting from future ESDIS and/or IV&YV testing which result
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in software changes, will be regression tested at the EDF (or site in certain cases) by the Irl
sustaining engineering organization.

3.3.4 Verification Resources

This section introduces and identifies the required resources necessary to accomplish the various
Irl I&T activities. Included are identification of test location, hardware and software
configurations. Also discussed are the use of automated test tools, discrepancy reporting, and the
role of CM in Irl I&T activities.

3.3.4.1 Testing Facilities

The EDF, located at the ECS facility in Landover, Md., has been designated as the testing facility
for Irl 1&T activities. This facility will be shared with the Irl developers. ECS will be solely
responsible for the test environment. This includes installation, initial checkout and startup,
upgrades/version control, access control, and maintenance. In addition, the Irl I&T organization
will conduct on-site tests as part of the deployment process. These tests will utilize the installed
facilities at the DAACSs designated for Irl.

3.34.1.1 Hardware Items

The hardware Cls available for the Irl time frame will be configured as the EDF DAAC for this
release. The hardware will also be used to emulate all communications interfaces available for Ir1.

3.34.1.2 Software Iltems

All COTS software packages will be installed and configured on their respective hosts/servers. All
custom developed software CSCls will be retrieved from CM using the process outlined in the
respective ECS Project Instructions (see Section 2.3.1).

3.3.4.2 Test Tools and Test Data

The Irl 1&T organization uses test tools for test development, test execution, and test management.
Whenever possible, test tools from the unit development and unit test environments will be reused.
Additional test tools consist of COTS products or are developed by the Irl I&T organization. For
a complete listing and description of the test tools please see Appendix A. All test cases which
require an external interface to support the Ingest and Data Server will utilize the simulators
described in Appendix A. In all cases where testing of the DAACs is mentioned, we are referring
to the ECS deployed facilities.

During Irl test development, test tools will be used to develop test scripts and map requirements to
test cases. The Irl I&T organization will use the ECS selected tools for test script development and
requirements traceability. The ECS selected capture/playback tools will be used to aid in the
development of test procedures. The ECS selected Requirements & Traceability Management
(RTM) tool to be used for mapping Irl I&T test cases to requirements. This tool is used for all
releases. A unique number is assigned to each build/thread and test case. This number is then
used to identify the build/thread test case in RTM.
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During Irl test execution, test tools will be used to simulate data and interfaces, decipher and
monitor the data transmitted over the network and facilitate the execution of test procedures. Data
interface simulators and user emulators are needed for interfaces that do not yet exist or are not yet
mature enough for test use. Test data generators to simulate various data transmissions may be
required. Additional tools for test execution include: capture playback tools, drivers, interface
simulators, user emulators and data generators. Network Analyzers are used to monitor and
analyze the data that is transmitted over the network. Capture Playback Tools are used for
replaying user sessions for regre